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(54) PRINTER 

(57) This invention provides a printing system capa- 
ble of minimizing the blurring of ink which would other- 
wise accompany color printing, and of reducing the time 
required for color printing. A first black printer head 
12a1. and color printer heads 12b1 to 12b3 are arrayed 
in parallel along the direction in which a carriage moves. 
A second black printer head 12a2 is placed such that it 
is displaced by a certain distance in the medium ad- 
vance direction with respect to the array comprising the 
first black printer head 12a1 and color printer heads 
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12b1 to 12b3. and prints dots such that the dots do not 
overlap with those printed by the first black printer head 
12a1 or by the color printer heads 12b1 to 12b3 within 
any given band. A control unit 100, when dealing with 
the image data for a band which concern with a full color 
image, causes the second black printer head 12a2 and 
color printer heads 12b1 to 12b2 to exercise printing, 
and. when dealing with the image data for a band which 
concern with a black-and-white image, causes the first 
and second black printer heads 12a 1 and 12a2 to exer- 
cise printing. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a printing sys- 
tem such as a printer or a plotter, particularly to a printing 
system equipped with a plurality of printer heads suita- 
ble for color printing. 

BACKGROUND ART 

[0002] Conventionally, a printing system such as a 
large printer or plotter based on bubble jet printing in- 
corporates a plurality of printer heads for color printing. 
The plurality of printer heads are arrayed in parallel 
along the direction in which the carriage moves, and the 
printer heads incorporate their respective inks, for ex- 
ample, four colored inks consisting of black (Bk), cyan 
(C), magenta (M). and yellow (Y) inks. The printer heads 
move togethei with the carriage, and. while moving, 
eject through the nozzles, their respective inks at a 
specified timing according to given image data, thereby 
printing an image having the same width with that of the 
nozzle of one printer head onto a print medium. 
[0003] Color printing must meet more complicated 
needs than would be imagined from a cursory look: it 
deals with the printing of widely varied colored images 
ranging from simple images primarily composed of lines 
such as layouts to full-color images such as colored pho- 
tographs. For example, if an image primarily composed 
of lines such as a layout must be printed, it is necessary 
to reproduce the quality of lines, but it is not always nec- 
essary to faithfully reproduce the original color of the lay- 
out. Indeed, if an image primarily composed of lines is 
printed, black ink will be preferentially consumed. How- 
ever, when an image primarily composed of lines is 
printed, the printed image must be durable (waterproof 
and weatherproof). Therefore, for such printing, inks 
prepared from pigments are frequently used. On the oth- 
er hand, if a full-color image must be printed, it is nec- 
essary to reproduce not only the quality of lines but the 
color of the original image. Therefore, for such fuli-coior 
printing, utmost efforts have been paid for eliminating 
unevenness in the printing of color. As one of the means 
to achieve this, ink used for full-color printing is prefer- 
entially prepared from dyes because such ink will allow 
a comparatively more faithful reproduction of the color 
of the original image. Accordingly, for a printing system 
intended to be used for printing full-color images as well 
as simple graphic images primarily composed of lines, 
usually a black ink is chosen from inks prepared from 
pigments, while colored inks (cyan, magenta, yellow) 
are chosen from inks prepared from dyes. 
[0004] Ink prepared from pigments, although it is ex- 
cellent in its water- and weather-proofness, is awkward- 
ly slow to dry. Because of this, if pigment-based and dye- 
based inks are used simultaneously in printing, a dot 
printed with pigment-based ink, if put adjacent to a dot 



printed with dye-based ink, will be blurred. To avoid the 
blurring of a dot of pigment-based ink printed adjacent 
to a dot of dye-based ink which would result when the 
two kinds of dots are printed simultaneously in color 
5 printing, the conventional printing system has adopted 
a method whereby it is possible to print the dots of color- 
ed inks in advance of the dots of black ink, instead of 
printing the two kinds of dots simultaneously. However, 
this method poses another problem, that is. printing 
10 based on this method requires an unduly long time. 

DISCLOSURE OF THE INVENTION 

[0005] This invention was proposed with the above 
is situation as a background, and aims at providing a print- 
ing system which will be able to effectively minimize the 
blurring of ink dots which would otherwise accompany 
color printing, as well as to reduce the time required for 
color printing. 

20 [0006] To achieve the above object, this invention will 
provide a printing system comprising : a first black printer 
head to eject black ink and a plurality of color printer 
heads to eject colored inks other than black ink both of 
which arc arrayed in parallel along the direction in which 
25 a carriage moves; and a second black printer head to 
eject black ink which is displaced by a certain distance 
in the direction in which a print medium will be trans- 
ferred, with respect to the array comprising the first black 
printer head and the plural color printer heads, whereby 
30 it is possible for the second black printer head to print 
dots such that the dots do not overlap with those printed 
by the first black printer head or by the plural color printer 
heads within any given band. 

[0007] According to this printing system, if an image 
35 data for a band concern with a full color image, it is pref- 
erable to print the colored image for the band by using 
the second black printer head and the plural color printer 
heads. On the other hand, if an image data for a band 
concern with a black-and-white image . it is preferable to 
40 print the black-and-white image for the band by using 
the first and second black printer heads simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0008] 



Fig. 1 is a schematic perspective view ol the printer 
unit of a printing system representing an embodi- 
ment of this invention. 

Fig. 2(a) is a schematic lateral view of the printer 
head portion of the printing system; Fig. 2(b) a sche- 
matic bottom view of the same printer head portion; 
and Fig. 2(c) a partially enlarged schematic diagram 
of the printer head portion of Fig 2(b). 
Fig. 3 is a block diagram of the control unit of the 
printing system of this embodiment. 
Fig 4 is a flowchart for illustrating the printing oper- 
ation of the printing system. 
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Fig 5 is a flowchart for illustrating the printing oper- 
ation of the printing system. 

Fig. 6 is a flowchart for illustrating the printing oper- 
ation of the printing system. 

Fig. 7 is a flowchart for illustrating the printing oper- ' 
ation of the printing system. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0009] The most preferred embodiments for carrying i 
out the invention disclosed in this Specification will be 
described with reference to the attached drawings. Fig. 
1 is a schematic perspective view of the printer unit of 
a printing system representing an embodiment of this 
invention. Fig. 2(a) is a schematic lateral view of the 
printer head portion of the printing system, Fig. 2(b) a 
schematic bottom view of the same printer head portion, 
and Fig. 2(c) a partially enlarged schematic diagram of 
the printer head portion of Fig 2(b). Fig. 3 is a block di- 
agram of the control unit of the piinting system of this 
embodiment. 

[0010] The printing system of this embodiment com- 
prises a printer unit 1 0 and a control unit 1 00 as shown 
in Fig. 1. Description will be given on the assumption 
that the printing system is a large format printer based 
on bubble jet printing. The printer unit 10 comprises a 
carriage 11, printer head portion 12, flexible flat cable 
(FFC) 13. guide 14. feed roller 15, a medium terminal 
end detection sensor 1 6. and an ink detection sensor 1 7 
[0011] The carriage 11 moves under the control of 
control unit 100. and. as shown in Fig. 1 it can move 
back and forth, driven by a carriage motor 21 (see Fig. 
3). in a direction (carriage move direction) vertical to a 
direction in which a print medium 2 will be advanced 
(medium advance direction). Namely, the carriage 11 
moves from a home position to a predetermined return 
position which is determined depending on the size of 
print medium 2. and then returns to the home position 
again. The carriage 11 incorporates a printer head por- 
tion 12. Because of this, the printer head portion 12 can 
also move back and forth together with carriage 11 in 
the carriage move direction. 

[0012] The printer head portion 12 has a first black 
printer head 12a1 and a second black printer head 12a2 
both to eject black (Bk) ink. and three color printer heads 
12b1. 12b2 and 12b3 to eject cyan (C). magenta (M) 
and yellow (Y) inks respectively as shown in Fig. 1 . The 
printer heads 12a1 . 12a2. 12b1 . 12b2. and 12b3 consist 
of cartridges, and whenever any one cartridge has its 
ink totally consumed, it is exchanged for a new one. 
Each of the printer heads 12a1. 12a2. 12b1. 12b2 and 
12b3 has a row of ink nozzles (sec Fig. 2(c)). The row 
of ink nozzles are arranged in a line in parallel with the 
medium advance direction. Incidentally, in this printing 
system, black inks prepared from pigments and colored 
inks prepared from dyes are used, as mentioned above 
[0013] The first black printer head 12a1. and three 
color printer heads 12b1 , 12b2 and 1 2b3 are arrayed in 



parallel along the carriage move direction as shown in 
Figs. 1 and 2(b). On the other hand, the second black 
printer head 12a2 is displaced by a specific distance 
with respect to the first black printer head 12a1 forward 
in the medium advance direction (downstream in the 
medium advance direction) as shown in Figs. 1 and 2. 
The distance by which the second black printer head 
12a2 should be displaced with respect to the first black 
printer head 1 2a1 is ideally equal to the nozzle row width 
of one printer head, and the second black printer head 
1 2a2 should be positioned relative to the first black print- 
er head 1 2a1 such that the nozzle row of the formercon- 
tinues with the nozzle row of the latter if projected on 
the same line in parallel with the medium advance di- 
rection, and the dots printed by the former do not overlap 
with those printed by the latter. 

[0014] In actuality, however, when the second black 
printer head 1 2a2 is mounted to the carriage 1 1 , a more 
or less positioning error inevitably intervenes, and thus 
it is often difficult to mount the second black printer head 
12a2 to a desired position. In worst cases, there may 
occur a break in the medium advance direction between 
the nozzle row of the first blad'k printer head 12a1 and 
that of the second black printer head 12a2. If the first 
and second black printer heads 12a1 and 12a2 were 
activated simultaneously for printing with such a break 
inserted between their nozzle rows as described above, 
the printed image would have a large number of streaks 
within, and thus would have a degraded quality. To avoid 
this, according to this embodiment, to compensate for 
the positioning error which more or less intervenes in 
association with assemblage, the second black printer 
head 12a2 is mounted with respect to the first black 
printer head 12a1 such that its nozzle row overlaps with 
• that of the latter in the medium advance direction by a 
distance sufficient for spanning a few nozzles as shown 
in Fig. 2(c). If coupled printing with the first black printer 
head 12a1 and the second black printer head 12a2 is 
required, the control unit 100 controls those printer 
) heads such that either the nozzles of the first black print- 
er head 12a1 which overlap with those of the second 
black primer head 12a2, or the nozzles of the second 
black printer head 12a2 which overlap with those of the 
first black printer head 12a1 will be used for printing. 
5 And if simultaneous printing with the second black print- 
er head 12a2 and the three color printer heads 12b1. 
1 2b2 and 1 2b3 is required, the control unil 1 00 controls, 
for example, those printer heads so that the nozzles of 
the second black printer head 12a2 which overlap with 
o those of the first black printer head 12a1 will be out of 
operation. Through this arrangement, it is possible ac- 
cording to this invention to prevent the dots printed by 
the second black printer head 12a2 from overlapping 
with those printed by the other printer heads 1 2a1 , 1 2b 1 , 
5 12b2and12b3. 

[0015] Electric power and various signals are sup- 
plied to the printer heads 12a1, 12a2, 12b1, 12b2 and 
12b3 by the control unit 100 through FFC 13. The guide 
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14 is for supporting FFC 13 on its top surface. 
[0016] The feed roller 15 moves under the control of 
the control unit 100. and advances, being driven by a 
feed motor 22 (see Fig. 3). a print medium 2 in the me- 
dium advance direction shown in Fig. 1 . Further in this 
embodiment, a plurality of small rollers 1 5a come in con- 
tact with the upper part of feed roller 15 through print 
medium 2. 

[001 7] A medium terminal end detection sensor 1 6 is 
for detecting the terminal end of print medium 2. If it de- 
tects the terminal end of print medium 2, the further ad- 
vancement of print medium 2 will be arrested. An ink 
detection sensor 17 is for detecting whether or not any 
one of printer heads 12a1. 12a2. 12b1. 12b2 and 12b3 
has completely consumed its ink. The sensor 1 7 can al- 
so detect a printer head that does not contain an ink 
cartridge. The signals from medium temninal end detec- 
tion sensor 16 and ink detection sensor 17 will be sent 
to control unit 100. 

[0018] If printing of an image on a print medium 2 is 
required, carriage 11 and print medium 2 will operate as 
follows. Namely, carriage 11 move back and force in the 
carriage move direction, and. during the movement, 
printer heads 12a1, 12a2, 12b1, 12b2 and 12b3 eject 
their inks at instructed timings. Through this operation, 
a part of the image is printed on the print medium 2. 
Then, print medium 2 is advanced by a specified dis- 
tance in the medium advance direction, and the same 
operation consisting of the ejection of inks by those 
printer heads is repeated until the entire image is printed 
on the full expanse of print medium 2. 
[0019] As described above, with this embodiment, the 
second black printer head 1 2a2 is displaced by a certain 
distance in the medium advance direction with respect 
to the array comprising the first black printer head 1 2a1 . 
and three color printer heads 12b1 , 12b2 and 12b3. Be- 
cause of this feature, it is possible to print dots having, 
at maximum, a length corresponding to the sum of the 
two nozzle row widths of two printer heads that is the 
sum of the nozzle row width of the second black printer 
head 1 2a2 and that of the first black printer head 1 2a1 , 
during the time at which carriage 11 moves from the 
home position to the return position. Here, with this em- 
bodiment, this maximum length of dots obtained during 
one stroke of carriage movement and corresponding to 
the sum of the two nozzle row widths of two printer 
heads will be termed a band. 

[0020] Control unit 1 00 is for controlling the operation 
of printer unit 1 0. and comprises an image data gener- 
ating portion 1 1 0. image data interface 1 20 and print en- 
gine control portion 130 as shown in Fig. 3. Image data 
interface 120 corresponds to a data property checking 
means of this invention, while print engine control por- 
tion 130 to a control means of this invention. 
[0021] Image data generating portion 110 comprises 
a main CPU 111 . program memory 112. main memory 
113. external data control portion 114, and host compu- 
ter interface 115. Program memory 112 stores programs 



necessary for the proper operation of image data gen- 
erating portion 110. Communication of various kinds of 
data between main CPU 111 and other components 
within the portion 1 1 0 is achieved through a system bus 
5 B1 . Print engine control portion 1 30 comprises an MPU 
1 31 , program memory 1 32, image data buffer 1 33, head 
control portion 134, drive control portion 135. and linear 
scale 136. Program memory 132 stores programs nec- 
essary for the proper operation of print engine control 
io portion 1 30. Communication of various kinds of data be- 
tween MPU 131 and other components within the por- 
tion 130 is achieved through a system bus B2. 
[0022] Main CPU 111 receives data (raster data, vec- 
tor data, etc.) from a host computer through a host corn- 
is puter interface 1 1 5 and an external data control portion 
1 1 4. The host computer interface 1 1 5 may include a con- 
ventional parallel, serial or network (10BASE2) inter- 
face. Main CPU 111, on receipt of data, analyzes the 
data, converts them into raster-mode image data corre- 
20 sponding to the printer heads, and causes main memory 
113 to store them. On the other hand, main CPU 111 
writes the image data into image data interface 120 
through DMA(REQ1 , ACK1 ). Here DMA (direct memory 
access) represents a function of main CPU 111 which 
25 sends data directly to the interface using its hardware 
element instead of using its software element. 
[0023] Image data interface 1 20 is for sending image 
data clustered in bands to the MPU 131 of print engine 
control portion 130. Data sent by the host computer 
30 have a header attached that indicates the kind of data, 
for example, whether the data convey black-and-white 
images or full color images. Image data interface 120 
analyzes, based on the header attached to data, wheth- 
er the data convey black-and-white images or full color 
35 images, for each image data cluster corresponding to a 
band. Specifically, with this embodiment, it is necessary 
to analyze whether the data convey black-and-white im- 
ages or full color images for each image data cluster 
divided at each half of a band. To attain this, the image 
-<o data interface 1 20 of this embodiment analyzes whether 
the data convey black-and-white images or full color im- 
ages for each image data clustered in half bands, and 
sends the result for each image data clustered in half 
bands together with the image data clustered in bands 
■*5 to MPU 131. 

[0024] MPU 131 writes the image data clustered in 
bands into image data buirer 1 33 through DMA (REQ2, 
ACK2). On the other hand. MPU 131 sends signals nec- 
essary for property controlling the driving of carriage 11 
so and the advancement of print medium 2, to drive control 
portion 135. Then, drive control portion 135 drives car- 
riage motor 21 and feed motor 22 into activation. MPU 
131 has a further function of sending image data clus- 
tered in bands or in half bands, to the head control por- 
55 tion 134 through DMA (REQ3. ACK3), which are neces- 
sary for the proper control of the ink ejection of the print- 
er heads 12a1. 12a2. 12b1, 12b2, and 12b3. 
[0025] Linear scale 136 sends signals conveying the 
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speed and position of carriage 1 1 to head control portion 
134. The head control portion 134 creates control sig- 
nals based on the image data sent from MPU 131 and 
the signals sent from linear scale 136. and sends the 
control signals to printer heads 12a1, 12a2. 12b1. 12b2 
and 1 2b3 through an FFC 1 3. On receipt of the signals, 
printer heads 12a1. 12a2. 12b1. 12b2 and I2b3 eject 
their respective inks. 

[0026] Next, the printing operation by the printing sys- 
tem of this embodiment will be described. Figs. 4. 5. 6 
and 7 are a flowchart for illustrating the printing opera- 
tion of the printing system of this embodiment. 
[0027] The operator sets a print medium 2 to a printer 
unit 10; data are sent from a host computer to an image 
data generating portion 110: and printing is started. Im- 
age data generating portion 110 generates, based on 
the data from the host computer, the image data corre- 
sponding to printer heads 12a1. 12a2, 12b1, 12b2and 
12b3. and sends them lo an image data interface 120. 
Image data interface 120 then determines whether the 
image data concern with a black-and-white image or a 
full color image. It sends the result together with the im- 
age data clustered in bands to the MPU 131 of a print 
engine control portion 130 

[0028] An ink detection sensor 1 7 detects, at the start 
of printing or during printing, whether or not any one of 
printer heads 12a1, 12a2 12b1. 12b2 and 12b3 has 
consumed its ink Let's assume here for illustration that 
three color printer heads 12b1, 12b2and 12b3 and the 
first black printer head 12a1 contain an ample amount 
of ink. while the second black printer head 1 2a2 has con- 
sumed its ink. which is detected by ink detection sensor 
17. 

[0029] Firstly. MPU 131 . based on the signal from ink 
detection sensor 17. checks whether or not the second 
black printer head 12a2 contains ink (S1). If it finds the 
second black printer head 12a2 contains ink. MPU 131 
checks, based on the result sent by image data interlace 
1 20. whether or not the image data for a given band con- 
cern with a black-and-white image (S2). If it finds the 
answer is affirmative. MPU 131 checks whether or not 
the image data for the next band that succeed the image 
data for the given band concern with a black-and-white 
image (S3) If it finds the answer is also affirmative, and 
the image data for two successive bands concern with 
a black-and-white image. MPU 131 proceeds to further 
check whether or not the image data next lo the image 
data for the above two bands and having a width equal 
to the nozzle row width of one printer head (length equal 
to half a band) concern with a black-and-white image 
(S4). If reaching an affirmative conclusion at step S4, 
MPU 131 instructs head control portion 134 and drive 
control portion 135 to print the black-and-white image 
conveyed by the image data for the first two bands 
through the bidirectional printing by the first and second 
black printer heads 12a1 and 12a2. Specifically, during 
the time at which carriage 1 1 moves from the home po- 
sition to the return position, the first and second black 



printer heads 12a1 and 12a2 are simultaneously acti- 
vated to achieve the forward printing of a black-and- 
white image for the first band (S5). Next, after a print 
medium 2 is advanced by a distance equal to the length 
5 of one band in the medium advance direction (S6), car- 
riage 11 is returned from the return position to the home 
position, and meanwhile the first and second black print- 
er heads 12a1 and 12a2 are simultaneously activated 
to achieve the backward printing of the black-and-white 
10 image for the second band (S7). Through this operation, 
the black-and-white image for the two bands is printed 
on the print medium 2. Later, the print medium 2 is ad- 
vanced by a distance equal to the length of one band in 
the medium advance direction (S8), and process pro- 
's ceeds to step S1 . 

[0030] If reaching a negative conclusion at step S4, 
MPU 131 firstly activates the first and second black 
printer heads 12a1 and 12a2 simultaneously during the 
lime at which carriage 1 1 moves from the home posilion 
20 to the return position, thereby achieving the forward 
printing of a black-and-white image for the first band 
(S9). Next after a print medium 2 is advanced by a dis- 
tance equal to the length of one band in the medium 
advance direction (S1 0). carriage 1 1 is returned from the 
25 return position to the home position, and meanwhile only 
the second black printer head 12a2 is activated to 
achieve, based on the black-and-white image data for 
the second band, the backward printing of the image for 
the earlier half of the second band equal in length to the 
30 nozzle row width of one printer head (S11). Then, the 
print medium 2 is advanced by a distance equal to the 
nozzle row width of one printer head in the medium ad- 
vance direction (S1 2). and process proceeds to step S1 . 
[0031] If MPU 131 finds the image data for the second 
35 band that succeed the black-and-white image data for 
the first band do not concern with a black-and-white im- 
age at step S3, MPU 131 proceeds to check the image 
data for the second band which have been found not to 
concern with a black-and-white image at step S3: it 
40 checks whether or not the image data for the earlier half 
of the second band equal in length to the nozzle row 
width of one printer head concern with 3 black-and-white 
image (S13). If reaching an affirmative conclusion at 
step S13. MPU 131 instructs the first and second black 
■is printer heads 1 2a1 and 1 2a2 to print a black-and-white 
image for the first band based on the image data for the 
first band which have been found lo concern with a 
black-and-white image at step S2. To attain this, firstly, 
carriage 11 moves from the home position to the return 
50 position, and meanwhile the first and second black print- 
er heads 12a1 and 12a2 are simultaneously activated, 
thereby achieving the forward printing of a black and- 
white image for the first band (S14). Next, carriage 11 
is returned from the return position to the home position 
55 Through this operation, the black-and-white image for 
the first band is printed on a print medium 2 Then, the 
print medium 2 is advanced by a distance equal to the 
length of one band in the medium advance direction 
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(S15). and process proceeds to step S1 
[0032] It reaching a negative conclusion at step S13. 
MPU 1 31 . of the image data forthe first band which were 
found to concern with a black-and-white image at step 
S2. applies the image data for the earlier half of the first 5 
band equal in length to the nozzle row width of one print- 
er head to the second black printer head 12a2. to print 
a black-and-white image for the earlier half of the first 
band. To attain this, firstly, carriage 11 moves from the 
home position to the return position, and meanwhile only ' 
the second black printer head 12a2 is activated to 
achieve the forward printing of a black-and-white image 
having a width equal to the nozzle row width of one print- 
er head (S16). Next, carriage 11 is returned from the 
return position to the home position. Then, the print me- ' 
dium 2 is advanced by a distance equal to the nozzle 
row width of one printer head in the medium advance 
direction (S17). and process proceeds to step S1. 
[0033] K MPU 131 finds the image data for the firsl 
band do not concern with a black-and-white image at ■ 
step S2. it checks, of the image data for the first band, 
whether or not the image data for the earlier half of the 
first band equal in length to the nozzle row width of one 
printer head concern with a black-and-white image 
(S18). If MPU 131 finds the image data for the earlier 
half of the first band concern with a black-and-white im- 
age, it concludes the image data for the earlier half of 
the firsl band concern with a black-and-white image 
while the image data for the latter half of the first band 
concern with a full color image, and instructs the second 
black printer head 12a2 and three color printer heads 
12b1 . 12b2 and 12b3 to print those images for the first 
band. Specifically, firstly, carriage 11 moves from the 
home position to the return position, and meanwhile the 
second black printer head 12a2 and three color printer 
heads 12b1. 12b2 and 12b3 are activated simultane- 
ously, to achieve the forward printing of the images for 
the first band (S19). Next, carriage 11 is returned from 
the return position to the home position. Then, the print 
medium 2 is displaced by a distance equal to the nozzle 
row width of one printer head in the medium advance 
direction (S20). and process proceeds to step S1 . 
[0034] With this embodiment, the second black printer 
head 12a2 is displaced by a certain distance in the me- 
dium advance direction with respect to the array com- 
prising color printer heads 12b1. 12b2 and 12b3. There- 
fore, the dots printed by the second printer head 12a2 
do not overlap with those printed by color printer heads 
12b1. 12b2 and 12b3. If this embodiment is used for 
printing a full color image having a width equal to the 
nozzle row width of one printer head, color printer heads 
12b1 . 12b2 and 12b3 arc activated at first, then the sec- 
ond black printer head 12a2 is activated, to print a full 
color image having a width equal to the nozzle row width 
of one printer head on the print medium 2. 
[0035] If MPU 131 finds, of the image data for the first 
band, the image data for the earlier half of the first band 
equal in length to the nozzle row width of one printer 



head concern with a full color image at step S1 8, it pro- 
ceeds to check whether or not the image data for the 
latter half of the first band equal in length to the nozzle 
row width of one printer head concern with a black-and- 
white image (S21 ). If reaching a conclusion that the im- 
age data for the latter half of the first band in question 
concern with a black-and-white image, MPU 131 pro- 
ceeds to further check whether or not the image data for 
the earlier half of the second band equal in length to the 
o nozzle row width of one printer head that succeed the 
image data for the latter half of the first band, concern 
with a black-and-white image (S22). 
[0036] If reaching an affirmative conclusion at step 
S22. MPU 1 31 assigns the image data for the first band 
'5 whose chromatic property was determined by MPU 131 
at step S2, to the first and second black printer heads 
12al and 12a2 for printing. It should be noted here, the 
image data for the earlier half of the first band which 
concern with a full color image were already submitted 
?o to color printer heads 1 2b1 .' 1 2b2 and 1 2b3 for printing 
at step S19, or at step S27 which will be described be- 
low. To return to the image data for the first band here 
concerned, firstly, carriage 1 1 moves from the home po- 
sition to the return position, and meanwhile the first and 
25 second black printer heads 1 2a1 and 1 2a2 are activated 
simultaneously, to achieve the forwardprinting of the im- 
age for the band (S23). Next, carriage 11 is returned 
from the return position to the home position. Then, the 
print medium 2 is advanced by a distance equal to the 
30 length of one band in the medium advance direction 
(S24). and process proceeds to step S1 . 
[0037] If reaching a negative conclusion at step S22, 
MPU 131 assigns, out of the image data for the band 
whose chromatic property has been determined by 
35 MPU 1 31 at step S2. full color image data for the earlier 
half of the band to the second black printer head 12a2 
to print an image based on the image data for the earlier 
half of the band. It should be noted here, printing based 
on the full color image data for the earlier half of the band 
40 was already done through color printer heads 12b1, 
1 2b2 and 1 2b3 at step S1 9, or at step S27 which will be 
described below To return to the image data here con- 
cerned, firstly, carriage 1 1 moves from the home position 
to the return position, and meanwhile only the second 
45 black printer head 12a2 is activated, to achieve the for- 
ward printing of an image based on the color image data 
for the earlier half ol the band (S25). Next, carriage 11 
is returned from the return position to the home position. 
Then, the print medium 2 is advanced by a distance 
50 equal to the nozzle row width of one printer head in th 
medium advance direction (S26), and process proceeds 
to step S1 

[0038] If MPU 131 finds the image data for the latter 
half of the band concern with a full color image at step 
55 S21 . it instructs the second black printer head 1 2a2. and 
three color printer heads 12b1, 12b2 and 12b3 to print 
an image based on the image data for the band whose 
chromatic property was determined by MPU 131 at step 
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S2. It should be noted here, with regard to the color im- 
age data for the earlier half of the band, printing was 
already done through color printer heads 12b1. 12b2 
and 12b3. To return to the image data here concerned, 
firstly, carriage 11 moves from the home position to the 
return position, and meanwhile the second black printer 
head 1 2a2 and the three color printer heads 1 2b1 , 1 2b2 
and 12b3 are simultaneously activated, to achieve the 
forward printing of a full color image for the band (S27). 
Next, carriage 11 is returned from the return position to 
the home position. Then, the print medium 2 is ad- 
vanced by a distance equal to the nozzle row width of 
one printer head in the medium advance direction (S28). 
and process proceeds to step S1 . 
[0039] Incidentally, with regard to the medium feed 
mechanism of this printing system, the distance be- 
tween feed roller 15 and the second black printer head 
12a2 is far larger than the distance between feed roller 
15 and the first black printer head 12a1, as shown in 
Fig. 2(a). Because of this, the inconvenience as de- 
scribed below may result. Namely, if it is required to print 
a full color image having a width equal to the nozzle row 
width of one printer head on a print medium 2 at the ter- 
minal end of its printable space, at that terminal end. 
firstly color printer heads 12b1, 12b2 and 12b3and then 
the second black printer head 12a2 must be activated 
for the printing of that image However, when printing 
through the color printer heads is completed, and the 
print medium 2 is advanced so as to allow the second 
black printer head 12a2 to face a proper position at the 
terminal end. the terminal end of print medium 2 will de- 
part from feed roller 1 5. Therefore, unless proper meas- 
ures are taken for this, it will be impossible for the sec- 
ond black printer head 1 2a2 to exercise a proper printing 
on the terminal end of the printable space of a print me- 
dium 2. However, it is possible to avoid this problem re- 
garding the printing at the terminal end of the printable 
space of a print medium 2 by firstly allowing color printer 
heads 12b1, 12b2 and 12b2 to exercise printing, and 
then by allowing the first black printer 12a1 to exercise 
printing, without moving the print medium 2. 
[0040] Next, the flow of processes will be described, 
which will result if MPU 131, on receipt of a signal from 
ink detection sensor 1 7 at step S1 , concludes the sec- 
ond black printer head 12a2 has totally consumed its 
ink. In this case, only the first black printer head 12a1, 
and three color printer heads 1 2b1 , 1 2b2 and 1 2b3 are 
operable, and thus, printing will proceed as in the con- 
ventional machine. Specifically, MPU 131 checks, 
based on the result sent by image data interface 120, 
whether or not the current image data having a width 
equal to the nozzle row width of one printer head con- 
cern with a black-and-white image (S29). If it finds the 
data in question concern with a black-and-white image. 
MPU 131 instructs the first black printer head 12a1 to 
exercise the printing of an image based on the image 
data having a width equal to the nozzle row width of one 
printer head. Specifically, firstly, carriage 1 1 moves from 



the home position to the return position, and meanwhile 
the first black printer head 12a1 is activated to achieve 
the forward printing of an image based on the image da- 
ta having a width equal to the nozzle row width of one 
s printer head (S30). Next, carriage 11 is returned from 
the return position to the home position. Through this 
operation, a black-and-white image having a width 
equal to the nozzle row width of one printer head is print- 
ed on a print medium 2. Then, the print medium 2 is ad- 
10 vanced by a distance equal to the nozzle row width of 
one printer head in the medium advance direction (S31 ), 
and process proceeds to step S1 . 
[0041] On the contrary, if MPU 131 finds the image 
data having a width equal to the nozzle row width of one 
15 printer head concern with a full color image at step S29, 
it causes the first black printer head 1 2a1 and three color 
printer heads 1 2b1 , 1 2b2 and 1 2b3 to be activated sep- 
arately to achieve the printing of an image based on the 
color image data having a width equal to the nozzle row 
20 width of one printer head. Specifically, firstly, carriage 
11 moves from the home position to the return position, 
and meanwhile the three color printer heads 1 2b1 , 1 2b2 
and 12b3 are activated to achieve the forward printing 
of the imago (S32). Then, carriage 11 is returned from 
25 the return position to the home position, and meanwhile 
the first black printer head 12a1 is activated to achieve 
the backward printing (S33). Through this operation, a 
full color image having a width equal to the nozzle row 
width of one printer head is printed on a print medium 
30 2. Then, the print medium 2 is advanced by a distance 
equal to the nozzle row width of one printer head in the 
medium advance direction (S34). and process proceeds 
to stepSI. 

[0042] According to the printing system ofthisembod- 
35 iment, the second black printer head is displaced by a 
certain distance in the medium advance direction with 
respect to the first black printer head and plural color 
printer heads, and dots printed by the second black 
printer head do not overlap with those printed by the first 
40 black printer head and by plural color printer heads with- 
in any given band. Further, the print engine control por- 
tion, when it finds the image daia for a given band con- 
cern with a full color image, causes the second black 
printer head and plural color printer heads to be activat- 
es ed to print an image based on the image data tor the 
band. Through this arrangement it is possible to mini- 
mize the likeliness that black dots and colored dots are 
printed simultaneously and adjacently, thereby minimiz- 
ing the likeliness of the black dots being blurred, and 
so thus ensuring the high quality of the image. 

[0043] Furthermore, the print engine control portion, 
when it finds the image data for a given band concern 
with a black-and-white image, causes the first and sec- 
ond black printer heads to be simultaneously activated 
55 to print an image based on the image data for the band, 
thereby accelerating the printing speed. Particularly, 
when it finds the image data for two successive bands 
concern with a black-and-white image, it causes the first 
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and second black printer heads to exercise bidirectional 
printing of an image based on the image data for the two 
bands, which will further increase the printing speed. 
Moreover, if it is necessary to print an image based on 
the colored image data for half a band, the conventional 
printing system will firstly print the image using plural 
color printer heads, and then print the image using a 
black printer head while keeping a print medium at the 
same position. In contrast, this embodiment causes plu- 
ral color printer heads to print the image, advances a 
print medium by a distance equal to the length of half a 
band, and then causes the second black printer head to 
print the image. This also contributes to the acceleration 
of the printing speed. As shown above, according to the 
printing system of this embodiment, it is possible to op- 
timize the printing of a full color image or of a black-and- 
white image for each band or for each half a band. 
[0044] The embodiment further incorporates an ink 
detection sensor which delects the voiding of ink in the 
second black printer head, and the print engine control 
portion, on receipt of a signal from the ink detection sen- 
sor informing the voiding of ink in the second black print- 
er head, causes the first black printer head to be acti- 
vated, instead of the second black printer head, to con- 
tinue printing without interruption to the end, which will 
contribute to the reduction of cost by preventing the 
wasteful use of print medium. 

[0045] This invention, however, is not limited to the 
above embodiment, and various modifications will be 
possible within the scope of this invention. 
[0046] To mention a few for illustration, although de- 
scription has been given about the embodiment where 
the second black printer head is displaced forward by a 
certain distance in the medium advance direction with 
respect to the first black printer head (downstream in the 
medium advance direction), the second black printer 
head may be displaced backward in the medium ad- 
vance direction with respect to the first black printer 
head. 

INDUSTRIAL APPLICABILITY 

[0047] As described above, according to the printing 
system of this invention, the second black printer head 
is displaced by a certain distance in the medium ad- 
vance direction with respect to the first black printer 
head and plural color printer heads, and the dots printed 
by the second black printer head do not overlap with 
those printed by the first black printer head and by plural 
color printer heads within any given band. Through this 
arrangement it is possible to minimize the likeliness that 
black dots and colored dots arc printed simultaneously 
and adjacently, thereby minimizing the likeliness of the 
black dots being blurred, and thus ensuring the high 
quality of the image. It is possible according to these 
features for the printing system of this invention to be 
beneficially used as a printer or plotter incorporating plu- 
ral printer heads for color printing. 



1 . A printing system comprising: 

: a first black printer head to eject black ink and 

a plurality of color printer heads to eject colored 
inks other than black ink both of which are ar- 
rayed in parallel along the direction in which a 
carriage moves; and 

o a second black printer head to eject black ink 

which is displaced by a certain distance in the 
direction in which a print medium will be trans- 
ferred, with respect to the array comprising the 
first black printer head and the plural color print- 

5 er heads, whereby it is possible for the second 

black printer head to print dots such that the 
dots do not overlap with those printed by the 
first black printer head or by the plural color 
printer heads within any given band. 

?o 

2. A printing system as described in claim 1 further 
comprising: 

a data property checking means to check 
25 whether the image data for a given band con- 

cern with a black-and-white image or a full color 
image: and 

a control means which, when the data property 
checking means finds the image data for a band 
30 concern with a full color image, causes the sec- 

ond black printer head and the plural color print- 
er heads to exercise printing of the image 
based on the image data for the band. 

35 3. A printing system as described in claim 2 wherein 
the control means, when the data property checking 
means finds the image data for a band concern with 
a full color image, and printing of the image based 
on the image data for the band must be performed 

40 on the terminal end of a sheet of recording paper, 
causes the plural color printer heads to exercise 
printing and then the first biack printer head io ex- 
ercise printing. 

45 4. A printing system as described in claim 2 further 
comprising an ink detection means to detect the 
voiding of ink of the second black prinler head, 
wherein the control means on receipt of a signal 
from the ink detection means informing the voiding 

so of ink of the second black printer head, causes the 
first black printer head to exercise printing, in place 
of the second black printer head. 

5. A printing system as described in claim 2 or 3 
55 wherein the control means, when the data property 
checking means finds the image data for a band 
concern with a black-and-white image, causes the 
first and second black printer heads to simultane- 
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ously exercise printing of the image based on the 
image data for the band. 

6. A printing system as described in claim 5 wherein 
the control means, when the data property checking s 
means finds the image data for two successive 
bands concern with a black-and-white image, caus- 
es the first and second black printer heads to exer- 
cise bidirectional printing of the image based on the 
image data for the two bands. 10 
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FIG. 5 
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